• The technology was initially adopted by farmers when the research institution (CIMMYT) successfully engaged with the umbrella farmer association (AOASS).
• Now disadoption is occurring, which may be caused by different factors. Further research is needed to better understand the causes.
• A business model may be needed to better align incentives and address farmer needs.
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Wheat farmers throughout the Yaqui Valley in Sonora, Mexico, have widely adopted the GreenSeeker Handheld crop sensor to help them apply the right amount of nitrogen fertilizer, reducing their input costs and helping to increase their agricultural profits. Farmers have been using the GreenSeeker Handheld for more than 10 years. In addition to financial benefits, its use has also led to significant environmental benefits in the form of avoided greenhouse gas emissions. Despite additional profits of more than $37 USD per hectare and a cumulative reduction of more than 9,500 tonnes C0 2 equivalent of avoided greenhouse gas emissions, the number of farmers using this technology has declined sharply in the 2015-2016 growing season. We summarize the state of knowledge around the GreenSeeker Handheld as a promising agricultural technology with broad potential for being adopted globally, although higher farmer profits and environmental benefits have not been sufficient to ensure continued adoption. We also provide lessons learned to help inform the sustainable transfer of this promising agricultural technology.
Geography and Technology
The Yaqui Valley is Mexico's largest wheat-producing region, and it is agro-ecologically similar to 40% of the developing world's wheat production. 1, 2 Agriculture in the Valley has become mechanized over the last few decades, and nitrogen (N) fertilizer applications have doubled since the mid-1970s.
As with other areas where mechanized agriculture has taken root, fertilizer applications represent the largest production cost for farmers, and overapplication represents a significant source of environmental pollution including greenhouse gas emissions, agricultural runoff, and deposition. 3 To address these issues, Figure 1 ). Initial data analysis conducted by RTI and CIMMYT reveals that the tool has led to $37 in additional farmer profits per hectare, totaling $1.8M of additional profits over an 8-year time period (see Table 1 ). † The tool has also reduced greenhouse gas emissions by an estimated 9,600 tonnes CO 2 e, or the equivalent of taking more than 2,000 cars off the road for a year. ‡ Project developers have 
Role of Local Institutions in GreenSeeker Handheld Technology Adoption
There One instrumental finding of this research was that farmer credit unions influence the amount of inputs (including fertilizer) that farmers apply on their land. The credit unions provide loans to farmers, sell them fertilizer, and link them to outside markets. The loans provided by the credit unions are linked to specific fertilizer recommendations, and any change in management practices that involves "risky" or lower fertilizer applications needs farmer credit union buy-in and approval. The GreenSeeker Handheld involves recommendations to farmers to change their fertilizer use and apply less fertilizer. Because the credit unions even sell fertilizer to farmers, they have a disincentive to approve changes that result in less fertilizer being applied.
To overcome this barrier, CIMMYT worked closely with the farmer credit unions to garner their support. 
Looking Forward: Analyzing Data and Mobilizing Institutions
Despite this continued involvement, the success of the technology has still had at least two main impediments to sustained adoption: (1) reliance on outside funding (rather than farmer profit-sharing) to train, equip, and support the farmer advisor's time using the technology (donor fatigue); and (2) long-term political buy-in from farmer union leadership. Both of these issues came to a head during the 2015-2016 growing season. The umbrella organization for the farmer credit unions, AOASS, had a change in leadership prior to the 2015-2016 growing season, coinciding with the worst climatic conditions in more than 35 years, resulting in extremely low yields. Funding to support continued GreenSeeker Handheld diagnostics by farmer advisors began to decrease.
Another factor affecting farmer adoption could be related to farmer perceptions of the technology and what factors they consider important in determining how much nitrogen fertilizer to apply. Although there has been extensive field testing of the technology and data collection on farmer application, there has not been any concerted effort to understand farmers' perceptions of the technology and whether it meets their needs. Despite the sustained farmer profits and the environmental benefits, these factors may have contributed to the farmer credit unions withdrawing their support prior to the 2015-2016 growing season.
As a forward-looking agricultural research institution, CIMMYT has been working with farmer credit unions to collect extensive data on farmer use of the GreenSeeker Handheld to promote fertilizer use efficiency in the Yaqui Valley. The data CIMMYT has collected include historical fertilizer recommendations, actual amount of fertilizer farmers applied, total area where the technology was used, and wheat yields per hectare, as well as which farmer credit union supported the adoption of GreenSeeker on individual producers' farms.
RTI International has been working with CIMMYT to analyze these data to compare the results of using GreenSeeker (baseline) to not using it (counterfactual). Table 1 summarizes the initial results from this analysis, but the analysis also includes information such as yields for different wheat varieties, fertilizer costs, and recommended fertilizer application rates versus actual fertilizer application rates for nearly 1,000 farmers surveyed over an 8-year time frame. The results show sufficient profits and reduced greenhouse gas emissions, but they are missing key qualitative data on farmer perceptions.
This leads to at least two potential strategies for sustainability:
1. The development of a business model or plan that will be more sustainable than relying on outside funding. Such a plan should be based on a better understanding of farmers' needs and perceptions of the technology. The business model or plan could involve a financial arrangement between the farmers and the credit unions, or perhaps a different arrangement that better meets farmer needs.
2. CIMMYT has been leading the collection of data on greenhouse gas emissions from fertilizer applications, and thus has data that allow for the calculation of greenhouse gas emissions that can be mitigated by using the GreenSeeker Handheld. These data are a prerequisite for voluntary carbon markets that could be an avenue for additional source of revenue in the future. Pursuing this strategy could also help Mexico meet its national carbon reduction goals of reducing emissions by 22% by 2030. 6 
Conclusion
This research brief highlights the importance of engaging with decision makers and collecting good data to inform sustainable agricultural technology adoption. The GreenSeeker Handheld has provided increased profits to Yaqui Valley farmers and environmental benefits in terms of reduced greenhouse gas emissions, but that has not been enough to ensure adoption. Government policies as well as cost-sharing arrangements or environmental markets may also be necessary to ensure that adoption, but further research on famer perceptions is also critical. CIMMYT has collected excellent data on adoption thus far, but stakeholders and policymakers must use that data effectively to inform strategies to ensure future sustainability.
